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EFFICIENCY IMPROVEMENT IN ROLLING 
PISTON TYPE ROTARY COMPRESSORS 
HIDEKI KAWAI 
Compressor Division 
Matsushita Refrigeration Co., Ltd. 
Fujisawa Kanagawa JAPAN 
ABSTRACT 
This paper introduces the high efficiency of a 
horizontal rolling piston type compressor for 
household refrigerators. 
In the rolling piston type compressor, excessive 
compression loss and leakage loss largely affects 
the efficiency of the compressor. An experimental 
analysis of the following three items was made to 
determine that the performance characteristics of 
the compressor could be improved to a significant 
extent. 
(1) Assumption of excessive compression 
loss by making the entire discharge 
system as one orifice. 
(2) Determination of a clearance between 
the blade and piston and loss. 
(3) Efficiency improvement and noise 
reduction through design improvement 
of the bearing (by Finite Element 
Method). 
1. INTRODUCTION 
A simplified view of a horizontal rolling 
piston type compressor for household refrigerator is shown in Fig 1. 
The adoption of the oil feeding system utilizing 
spring-actuated centrifugal force makes it 
possible to realize the horizontal design of a 
compressor. The discharge system employs a 
baffle plate for the purpose of noise reduction. 
The mechanical section is secured to the shell by 
means of a bearing. As a result, the center of the 
rotor and the supporting point for shaft distance 
is held to a minimum. 
All compressors tested for this paper are the 
horizontal rolling piston type. 
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Fig. 1 'Ihe horizontal rolling piston type 
carpressor 
2. REDUCTION OF EXCESSIVE COMPRESSION 
The discharge system of the compressor has a 
large impact on the efficiency of the compressor 
and certain specific noise bands because 
efficiency and noise are closely related to each 
other. 
Excessive compression in a compressor has 
frequently been analyzed by simulating a dis-
charge valve system as an orifice model. In the 
discharge system of a horizontal rolling piston 
type rotary compressor which is charac~eris­
tically very small in size, there appears to be 
excessive compression which occurs because of the 
very close physical relationship between the dis-
charge valve and the discharge muffler. 
By assuming the entire discharge system as an 
orifice, the authors were able to determine 
the total excessive compression volume with high 
accuracy. In their simplified experiment, an 
optimum discharge system could be efficiently 
designed with efficiency and noise in mind. 
A vertical cross-section of gas flow.of the entire 
discharge system in the test compressor is shown 
i.n Fig. 2. Assuming that the orifice flow of the 
entire discharge system shown in Fig, 2 is now the 
primary flow of heat isolation, then: 
Pd.Ad.Vd ~ Pv.Av.Vv = Pv.dV/dt, 
M=Vv/a. • . ...• 
(1) 
(2) 
From equations (l) & (2), the upstream pressure is 
given by: 
Pv = (1+ k-1 M2 ) k/(k-l)_Pd •....• (3) 2 
Then the effective flow area EFF and Mach number 
M, are obtained by experimental value, mass flow 
rate m are: 
M = 1/a 1/EFF dV/dt •••••..... (4) 
EFF= 
( 2
kg 1/2 Pd 1/k Pd (k+l) /k 1/2) 
m/ Pu( (k-1)RTu) - ( (Pu) - (Pu) ) 
•••• •. • • • • • ( 5) 
The total excess volume is given by the EFF and 
equation (3). 
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Fig. 2 Discharge and orifice rrcdel 
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Simple experimental equipment is shown in Fig. 3 
In this experiment, a minimum value of expansion 
ration Pu/Pd is 0.508, and the theoretical value 
was found from the equation of reversible adiabatic 
expansion. 
Experimental data of EFF with the discharge port 
as a parameter is shown in Fig, 4. EFF plots a 
saturation curve. Also, in the rotary compressor 
correction is necessary when finding an EFF curve 
because the quantitative ratio of oil gain •in the 









Fig. 3 ~st system 
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Fig. 4 Effective Flow Area Curve. 
The result of cylinder internal pressure measure-
ment with the discharge port as a parameter is 
shown in Fig. 5. It can be appreciated that gas 
pulsation is increasingly greater with a change 
in the discharge port. 
P. - V. DJAGHJIM 
DIA. DF DIS. PORT 
... 
N 
V. [eel 4.5 
Fig. 5 P - V diagrm 
In Fig. 6, comparison is made between the calcu-
lated value of excessive compression loss found 
in this experiment and the actual measured value 
found by Fig. 5. 
As shown, the calculated value and the actual 
measured value have a close correlation, 
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Fig. 6 Excessive compression loss 
- Discharge Port 
Also, the calculated 
value in the passage 
are shown in Fig. 7. 
approximated, 
value and actual measured 
port of the baffle plate 







OVER COMPRESSION LOSS 
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Fig. 7 Excessive compression loss 
- Passage 
As described, assuming that the entire discharge 
system is now an orifice, it is possible to 
arrive at the total excessive compression loss 
with relatively high accuracy. By this technique 
3 to 4% efficiency improvement was realized while 
taking into consideration the reduction of noise. 
3. LEAKAGE LOSS 
An important item governing the efficiency of a 
rotary compressor, is leakage loss. 
Invariably, there are 'clearances' in the mechan-
ical section of the compressor, and a leakage 
loss through these clearances cannot be avoided. 
Also, if the clearance is too small, the 
compressor is prevented from operating smoothly 
causing an increased loss. In the design of an 
economical and highly efficient compressor, it 
is critical to consider mechanical clearances . 
However, even with precise controls on 
clearances, there are four notable leakage paths. 
These leakage paths are shown in Fig. 8. On these 
extremely narrow leakage paths the leakage of 
refrigerant and oil flows from the high pressure 
side to the low pressure side. The composition of 
this leakage is not just gas or liquid. It is a 
mixture of oil and liquid refrigerant or gaseous 
refrigerant. Due to this phenomena, the 
clearance values are constantly changing while· the 
compressor is operating. 
This analysis is therefore further complicated, 
LEAKAGE FLOW-PATHS jN A ROLLING PISTON COMPRESSOR 
Rolhr 
! .. Le~k~ge p~st the bl~de' edges 
2 •• Le~k~ge ~~ross the roller fDce 
3 •• L~Dkmge pDst between the blmde 
mod the cylinder 
4 •• Leokoge post the contoct point 
between the roller ond the cylinder 
Pa., Low side pressure 
Pd •• High side pressure 
Fig. 8 Leakage Flow-paths 
Several reports have previously been made regard-
ing the leakage loss of a rotary compressor, In 
order to understand the possible effects of a 
clearance at each machine section, an analysis 
of leakage was undertaken on the fluid model 
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Fig. 9 Leakage Model 
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"t: Nl 9·dr - I "t + ~ J l"'d.S·dr dy 
=P · l"'d·9·dy- I P+ d f' dr) lr+dr J·d 8-dy 
dr 
+2P.dl"'dy-d e 12. (6) 
"t = P KU I P J (7) 




2·P·KU(P} .y,(x-y).dr. (8) 
( p •• Density of Oil ) 
Leakage mass flow rate M thus becomes: 
x1 x2 
M = 2.][. ( ~ P.V.r.dy + ~ p.v.r.dy > Jo o 
-(x13 + 7.2h.2- .r.dP (9) 
6.KIJ(P) dr 
where kinematic viscosity KU(P) represents a 
function of pressure P, whic-h takes a change 
as shown in Fig. 10. 
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When M flows into the low-pressure side, it is 
separated into the liquid oil section "Ml" and 
refr:l.gerant gas section "Mg 1 • 
Ml ed - es l - es 
l - ed - Zes Mg = M l - es 
• • • (10) 
where ed:High-pressure side oil refrigerant 
solubility 
es;Low-pressure side oil refrigerant 
solubility 
The above calulated result and the experimental 
result are shown in Fig. 11. Of considerable 
importance is the fact that the leak loss is a 
cubic function of the clearance. Here the leakage 
path, #2 in Fig. 8, was discussed, but the effects 
of a clearance appear to be the same on other 
paths. 
. 
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Fig. 11 Clearance - Volumetric 
Efficiency 
3-1 Clearance of each section - refrigeration 
capacity, input power, oil discharge volume. 
Relations of the refrigeration capacity, input 
power and oil discharge volume on leakage paths 
(1) to (3) are shown in Fig. 12 through Fig. 14. 
As shown, the following were found to be the 
effects on the leakage paths: 
(a) Refrigeration Capacity 
The effects of clearance appear in the 
following sequence in regard to the 
refrigeration capacity: 
1. Leakage past the blade edges. 
2. Leakage across the roller face, 
3. Leakage past between the blade and 
the cylinder. 
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(b) Input Power Loss 
As the clearance increases, an input power 
loss increase occurs with an increase in 
leakage loss. This is in agreement with 
the tendency of the above-mentioned 
refrigeration capacity. Also, as the 
clearance becomes smaller, an input power 
loss increase is seen in proportion to the 
size of its sliding area. Care has to be 
taken in the direction of roller height in 
particular. 




































The effect of oil discharge volume in the 
direction of roller height results in a 
considerable increase due to the clearance. 
This can be traced to the oil feeding 
system. 
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13 Clearance - Power Input Loss 
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Fig. 14 Clearance - Discharge Oil Volume 
In an actual compressor, the surface flatness and 
roughness of the components in the compressor 
become extremely important. 
As one example, the relationship between the 
flatness and roughness of the head and the input 
power loss and volumetric efficiency are shown 
in Fig, 15 and Fig. 16. 
In Fig. 15 'A' applies to the case where the 
reference clearance of the roller piston height 
dimension is small, and 'B' refers to the case 
where it is large. 
As shown, it provides a cubic relationship with 
respect to the X axis. 
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Fig. 16 Surface Roughness of Head 
- Efficiency 
Improvement of Compressor Efficiency 
The effects of clearance of each section of the 
compressor were discussed in Chapter 3. There is 
an optimum clearance on the leakage paths from the 
sta~dpoint of efficiency. 
The shape of the cylinder head and the upper bear-
ing forming compression chamber significantly 
affects the efficiency of the compressor. The 
final objective of the authors is not only 
analysis. It is also to attain the highest 
performance with the most economical design . 
This chapter discusses bearing design to improve 
compressor efficiency. 
The bearing in a rotary compressor has two 
functions. Not only does it form a part of the 
compressor chamber, but it also has the obvious 
bearing function. Therefore, the bearing must be 
designed and fabricated to withstand the forces 
rendered by the force of the shell and crank 
(compression load and magnetic pull force), 
Also, the following points of caution should be 
kept in mind from the standpoint of noise. 
Forces are applied to the crank shaft (rotor), 
stator, and shell a~ a result of the magnetic 
field as well as from the vibration caused by 
unbalance of the motor air gap. 
So, sufficient care must be given to the 
natural frequency of the pump section. 
The results of distortion analysis during 
operation of the test model and that of the 
natural frequency (the entire mechanical 
section) are shown in Fig, 17 through 
Fig. 19. 
Also, the result of actual measurements of the 
noise of the compressor is shown in Fig. 20. 
Test Model 1 
Before distortion 
Distortion 
Test Model 2 
Fig. 17 Analysis of bearing 
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Test Model 1 
Test Model 2 
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Fig. 20 Test Result Of Compressor Noise 
5. Conclusion 
20K 
The next result was determined by an analysis of 
this experiment. 
1. Establishment of a technique for determining 
the total excessive compression loss, 
assuming the entire discharge system as a 
simple orifice, 
2. Verification of the maximum efficiency point 
of the compressor at each clearance. 
3. Confirmation of effect on the flatness and 
roughness efficiency. 
With the foregoing, it was possible to realize an 
improvement of 3 to 4% in EER by the establishment 
of the optimum d:l.scharge system taking noise into 
consideration, The optimum shape design of 
compressor mechanical parts was made by the Finite 
Element Method technique to secure flatness. By so 
doing, stabilization of product efficiency and 
noise reduction were realized. 
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